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[Document Name] Specification 

[Title of the Invention] Generator-Motor 

[Scope of Claims for Patent] 

[Claim 1] A generator-motor CQirpising: 

a motor including a rotor and a stator and attaining a fimction as a motor- generator; 
first and second electrode plates arranged on an end sur&ce of said motor so as to 

substantially farm a U-^aape to surround a rotation shaft of said motor, 

a polyphase switching elonent group controlling a current siqjplied to said stator, and 

a control circuit ccmtrolling said polyphase switching element groiq); ^^erein 

said control circuit is provided on a ceramic substrate arranged in a direction similar 

to an iiplane direction of said first and second electixxle plates in a substantially U-shaped 

notch. 

[Claim 2] The generator- motor according to claim 1 , wherein 
said control circuit is resin-molded. 

[Claim 3] Hie generator-motor according to claim 1 or 2, fijrtfaer conpising a Zener 
diode protecting said polyphase switching element groi^ against suige, wherein 
said Zener diode is arranged in said notch. 

[Claim 4] The generator- motor according to any one of claims 1 to 3, further 
c(Hipising a capacitive element smoothing a DC voltage fiom a DC power siq>ply and 
siq)plying tiie smoothed DC voltage to said polyphase switching element groi^, v^erein 

said capacitive element is arranged between said ceramic substrate and said second 
electrode plate. 

[Claim 5] Hie generator-motor according to any one of claims 1 to 4, fijrlher 
comprising a field coil control unit controlling current feed to a field coil different fixnn said 
stator, and 

said field coil control unit is arranged on said ceramic substrate. 

[Claim 6] The generator-motor according to any one of claims 1 to 5, wherein 
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a leadfiame continuing to said first and second efectrode plates fium said ceramic 
substrate and said first and second electrode plates are arranged in an identical plane. 
[Detailed Description of the Invention] 

[Technical Field to Which tiw Invention Belongs] 

The present invention relates to a generator-motor inchiding a control circuit 
occupying a smaller area. 
[Prior Art] 

Japanese Patent Laying-Open No. 2-266855 discloses a starter-generator attaining a 
function as a three-phase motor starting an engine mounted on a vehicle and a function as a 
three-phase AC generator charging a battery. 

Referring to Fig. 6, a starter- generator 300 disclosed in Japanese Patent Laying- 
Open No. 2-266855 includes a motor unit 301 and a drive unit 302. Motor unit 301 
includes a stator and a rotor. Drive unit 302 is provided on an end surface 301A of motor 
unit 301. Drive unit 302 inchides a cylindrical memba: 302A and a power module 302B. 
Power module 302B is formed on a sui&ce of cylindrical member 302A. That is, power 
module 302B is arranged in a direction perpendicular to a radial direction 303 of cylindrical 
member 302A and in a longitudinal direction 304 of a rotation shaft 301B of motor unit 301. 

Power module 302B feeds a current to a coil included in motor unit 301 and drives 
motor unit 301 so that the rotor outputs a prescribed torque. When the rotor in motor unit 
301 rotates by rotation power of an engine, an AC voltage induced in tiiree stators is 
converted to a DC voltage, whereby a battery is charged. 

In this manner, power module 302B is provided on end surface 301 A of motor unit 
301, and drives motor unit 301 as a motor or a generator. 

Patent Document 1 : J^)anese Patent Laying-Open No. 2-266855 
Patent Document 2: Japanese Patent Laying-Open No. 2002- 1 53030 
Patent Document 3: Japanese Patent Laying-Open No. 62-268370 
Patent Document 4: Japanese Patent Laying-Open No. 1 1-23505 1 
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[Problems to be Solved by tiie Invention] 

In the conventional starter-generator, however, the power module is arranged in a 
direction perpendicular to a radial direction when the rotation shaft is assumed as a center and 
in a longitudinal direction of the rotation shaft. Accordingly, it is difBcult to achieve smaller 
size of the control circuit controlling drive of flie motor. 

hi particular, when a cratrol circuit to control a goierator installed in an engine is 
incorporated in ftie generator, a similar problem tends to arise. 

From flie foregoing, the present invention was made in order to solve tiie above- 
described problems, and an object of the present invention is to provide a generator-motor 
including a control circuit occiq)ying a smaller area. 

[Means for Solving die Problems and Effects of the bvention] 

According to the present invention, a generator-motor includes a motor, a polyphase 
switching element groiqi, a control circuit, and first and second electrode plates. The motor 
includes a rotor and a stator, and attains a fimctiai as a motor-generator. The polyphase 
switching element groiq) controls a current siq}plied to the stator. The control circuit 
controls the polyphase switching element group. The first and second electrode plates are 
arranged on an end surface of the motor so as to substantially form a U-shape to surround a 
rotation shaft of the motor. The control circuit is provided on a ceramic substrate arranged 
in a direction ftts same as an inplane direction of ftie first and second electrode plates in a 
substantially U-shaped notoh. 

Preferably, the control circuit is resin- molded. 

Preferably, the generator-motor fiir&er includes a 2^er diode. The Zener diode 
protects the polyphase switching element group against surge. The Zener diode is arranged 
in the notch. 

Preferably, the generator-motor fiirlher inchides a capacitive element The 
capacitive element smoothes a DC voltage &om a DC power source and supplies the 
smoothed DC voltage to the polyphase switching element The cspicitive element is 
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arranged between the ceramic substrate and the second electrode plate. 

Preferably, the generator-motw further includes a field coil control unit The field 
coil control unit omtrols current feed to the field coil different fixnn fbe stator. Ihe field coil 
control unit is arranged on the ceramic substrate. 

Preferably, a leadframe continuing to the first and second electrode plates fiom the 
ceramic substrate and the first and second electrode plates are provided in an identical plane. 

In the generator-motor according to the present invention, the control circuit 
controlling drive of the motor attaining a fimction as the generator or the motor is arranged in a 
direction the same as the iiq)lane direction of the first and second electrode plates arranged on 
fbs end surface of the motor. The control circuit is arranged in the substantially U-shaped 
notch in the first and second electrode plates. 

Therefore, according to the present invention, an area occiqned by the control circuit 
can be reduced. 
[Embodiments] 

In the following, embodiments of the present invention will be described in detail with 
reference to the figures. It is noted tiiat flie same reference characters refer to the same or 
corresponding conponents in the figures. 

Referring to Fig. 1, a generator-motor 100 according to fbe present invention includes 
Zener diodes 21, DTI to DT3, MOS transistors Trl to Tr6, a power source 26, an MOS 
driver 27, an alternator 50, a custom IC 70, electrode plates 81, 82A to 82C, 83, a substrate 
84, terminals 84A to 84D, and wires 85A to 85D, 86A to 86D. 

Electrode plates 81, 82 A to 82C, 83 and substrate 84 are formed on an end surface 
of alternator 50. Electrode plate 81 has a substantial U-shape, and is provided around a 
rotation shafi; 50A of alternator 50. Electrode plates 82A to 82C are provided so as to 
surround electrode plate 81 outside electrode plate 81. Electrode plates 82A to 82C are 
arranged at prescribed intervals fi-om each other. Electrode plate 83 is arranged in a 
position at a distance fix)m rotation shaft SOA substantially the same as the distance between 
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electrode plates 82A-82C and rotation shaft 50A. A portion of electrode plate 83 is 
arranged under electrode plates 82A to 82C. Substrate 84 is arranged in a direction the 
same as an inplane direction of electrode plates 81, 82A to 82C, 83 in a substantially U- 
shaped notch in electrode plate 81. 

MOS transistors Trl, Tr3, Tr5 are arranged on electrode plate 81, MOS transistor 
Tr2 and Zener diode DTI are arranged on electrode plate 82A, MOS transistor Tr4 and 
Zener diode DT2 are arranged on electrode plate 82B, and MOS transistor Tr6 and Zener 
diode DT3 are arranged on electrode plate 82C. 

MOS transistor Trl has the drain connected to electrode plate 81 and the source 
connected to electrode plate 82A. MOS transistor Tr2 has the drain connected to 
electrode plate 82A and the source connected to electrode plate 83. Zener diode DTI has 
one terminal connected to electrode plate 82A and the other terminal connected to electrode 
plate 83. Electrode plate 82A is connected to one end 51 A of a U-phase coil of alternator 
50. 

MOS transistor Tr3 has tiie drain connected to electrode plate 81 and the source 
connected to electrode plate 82B. MOS transistor Tr4 has the drain connected to electrode 
plate 82B and the source connected to electrode plate 83. Zener diode DT2 has one 
terminal connected to electrode plate 82B and the other terminal connected to electrode plate 
83. Electrode plate 82B is connected to one end 52A of a V-phase coil of alternator 50. 

MOS transistor Tr5 has the drain connected to electrode plate 81 and the source 
connected to electrode plate 82C. MOS transistor Tr6 has the drain connected to 
electrode plate 82C and the source connected to electrode plate 83. Zener diode DT3 has 
one terminal connected to electrode plate 82C and the other terminal connected to electrode 
plate 83. Electrode plate 82C is connected to one end 53A of a W-phase coil of alternator 
50. 

Therefore, MOS transistors Trl, Tr2 are connected in series between electrode 
plates 81 and 83 through electrode plate 82A. In addition, MOS transistors Tr3, Tr4 are 
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connected in series between electrode plates 81 and 83 through electrode plate 82B. 
Moreover, MOS transistors Tr5, Tr6 are connected in series between electrode plates 81 
and 83 through electrode plate 82C. Electrode plates 82A to 82C are connected to flie U- 
phase coil, the V-phase coil and the W-phase coil of alternator SO, respectively. 

Substrate 84 is implemented by a ceramic substrate. Power supply 26, custom IC 
70, MOS driver 27, and terminals 84A to 84D are arranged on substrate 84. Power supply 
26, custom IC 70, and MOS driver 27 are resin-molded on substrate 84. 

Terminal 84A receives a signal M/G and outputs the received signal M/G to custom 
IC 70 through wire 85A. Taminal 84B receives a signal RLO, and outputs received signal 
RLO to custom IC 70 through wire 85B. Terminal 84C receives a signal CHGL, and 
outputs received signal CHGL to custom IC 70 through wire 85C. Terminal 84D receives a 
DC voltage ou^t fixnn a battery 1 0 and supplies the received DC voltage to power supply 
26 through wire 85D. 

In wiring from substrate 84 to electrode plates 81, 82 A to 82C, wires 86A to 86F 
are arranged along a circumference surrounding rotation shaft SOA in a space between 
rotation shaft SOA and electrode plate 81 . Then, wire 86B is bent at a point C, and extends 
under electrode plate 81 to reach electrode plate 82 A. Wire 86D is bent at a point D, and 
extends under electrode plate 81 to reach electrode plate 82B. In addition, wire 86F is bent 
at a point E, and extends under electrode plate 8 1 to reach electrode plate 82C. 

MOS driver 27 outputs a control signal to the gates of MOS transistors Trl to Tr6 
through wires 86A to 86F, respectively. 

Zener diode 21 is arranged in a space between substrate 84 and electrode plates 81, 
83, and connected between electrode plates 81 and 83. A capacitor 22 is arranged in a 
space between substrate 84 and electrode plates 81, 82C, 83, and connected between 
electrode plates 81 and 83. 

Electrode plate 81 attains a function as a positive bus which will be described later, 
and has one end connected to a terminal 87. Electrode plate 81 receives a DC voltage 
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output from the battery (not shown) through terminal 87. Electrode plate 83 attains a 
function as a negative bus which will be described later, and is connected to a ground node. 

Fig, 2 shows a cross- sectional structure of alternator 50, viewed from a cross-section 
along Ihe line A- A shown in Fig. 1. Refenring to Fig. 2, a rotor 55 is fixed to rotation shaft 
50A, and a rotor coil 54 is wound around rotor 55. Stators 56, 57 are fixed on an outer 
side of rotor 55, a U-phase coil 5 1 is wound around stator 56, and V-phase coil 52 is wound 
around stator 57. In Fig. 2, the stator having a W-phase coil wound is not shown. 

Rotation shaft 50A has one end connected to a pulley 160, which transmits a torque 
generated by alternator 50 to a crank shaft of the engine or auxiliary machinery through a belt 
and in turn transmits the rotation power of the crank shaft of the engine to rotation shaft 50A. 

On the other end on a side opposite to one end of rotation shaft 50A connected to 
pulley 160, electrode plates 81, 83 are arranged so as to surround rotation shaft 50A. A 
brush 58 is arranged so as to be in contact with rotation shaft 50A. Substrate 84 is 
provided above rotation shaft 50A, and c^acitor 22 is arranged in tont of substrate 84. 

An MOS transistor 40 is provided on a side opposite to capacitor 22, with electrode 
plate 81 lying therebetween. MOS transistor 40 has Hog drain connected to electrode plate 
81 and the source connected to rotor coil 54. When alternator 50 generates electric power, 
a power generation amount is detennined depending on a rotor current flowing in rotor coil 
54. Therefore, MOS transistor 40 feeds rotor coil 54 with a rotor current necessary for 
alternator 50 to generate an instructed amount of electric power. 

In this manner, MOS transistor 40 controlling the rotor current determining a power 
generation amount of alternator 50 is arranged on a back side of substrate 84 when viewed 
from a direction B. 

Fig. 3 is a cross- sectional view showing an arrangement of electnxle plates 81, 82B, 
82C, 83 and the like viewed from the cross-section along the line A-A shown in Fig. 1. 
Referring to Fig. 3, wires 86C, 86E, 86F are arranged on the left of rotation shaft 50 A, and 
electrode plates 81, 82C, 83 are successively arranged toward an outer circumferential side 
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of wires 86C, 86E, 86F. Here, wires 86C, 86E, 86F and electrode plates 81, 82C are 
arranged in an identical plane. Electrode plate 83 is arranged below wires 86C, 86E, 86F 
and electrode plates 81, 82C, and electrode plate 83 partially overly with electrode plate 
82C. 

On the right of rotation shaft 50A, wire 86D and electrode plates 81, 82B, 83 are 
successively arranged. A portion of wire 86D and electeXKle plates 81, 82B are arranged in 
an identical plane. Electrode plate 83 is arranged below a portion of wire 86D and 
electiwle plates 81, 82B, and electixxle plate 83 partially overlaps with elertrode plate 82B. 
MOS tiiansistor Tr4 is arranged on electiwie plate 82B. Wire 86D is arranged between 
rotation shaft 50A and electrode plate 81 so as to surround rotation shaft 50A until it reaches 
point D (see Fig. 1). After wire 86D is bent at point D, it extends under electiode plate 81 
and is connected to the gate of MOS tiansistor Tr4. 

Fig. 4 is a circuit block diagram of generator-motor 100 and battery 10. A control 
circuit 20 includes Zener diode 21 arranged between substiate 84 and electixxie plates 81, 
83, capacitor 22 arranged between substi:ate 84 and electixxie plates 81, 82C, 83, MOS 
tiansistors Trl, Tr3, Tr5 arranged on electi-ode plate 81, MOS tiaisistors Ti2, Tr4, Tr6 
arranged on electrode plates 82A to 82C respectively, power source 26 arranged on 
substiate 84, MOS driver 27, custom IC 70, MOS ti-ansistor 40, and a diode 41. 

MOS transistors Trl, Ti2 constitiite a U-phase arm 23, MOS transistors Tr3, Tr4 
constitiite a V-phase arm 24, and MOS tiansistors Tr5, Tr6 constitiite a W-phase arm 25. 

Custom IC 70 is constituted of a synchronous rectifier 28 and contiiol units 29, 30. 
A rotation angle sensor 60 is contained in alternator 50. 

Alternator 50 includes U-phase coil 51, V-phase coil 52, W-phase coil 53, and rotor 
coil 54. U-phase coil 51 has one end 51A connected to a node Nl between MOS 
ti^sistor Trl and MOS tiansistor Ti2. V-phase coil 52 has one end 52A connected to a 
node N2 between MOS ti^sistor Tr3 and MOS tiransistor Tr4. W-phase coil 53 has one 
end 53A connected to a node N3 between MOS titinsistor Tr5 and MOS tiansistor Tr6. 
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A fuse FUl is connected between a positive electrode of battery 10 and control 
circuit 20. That is, fuse FUl is arranged on a side of battery 10, rather than a side of Zener 
diode 21. In this manner, by arranging fuse FUl on &e side of battoy 10 ratho: than the 
side of Zener diode 21 , detection of overcurrent is no longer necessary and control circuit 20 
can be reduced in size. A fuse FU2 is connected between the positive electrode of battery 
10 and power source 26. 

Zener diode 21 and capacitor 22 are connected in parallel between a positive bus LI 
and a negative bus L2. 

U-phase arm 23, V-phase arm 24, and W-phase arm 25 are connected in parallel 
between positive bus LI and negative bus L2. Zener diode DTI is coimected in parallel to 
MOS transistor Tr2 between node Nl and negative bus L2. Zener diode DT2 is connected 
in parallel to MOS transistor Tr4 between node N2 and negative bus L2. Zener diode DT3 
is connected in parallel to MOS transistor Tr6 between node N3 and negative bus L2. 

Zener diode 40 is connected between the positive electrode of battery 10 and a node 
N4. Diode 41 is connected between node N4 and a ground node GND. 

Here, diodes connected in parallel to MOS transistors Trl to Tr6, 40 respectively are 
parasitic diodes formed between MOS transistors Trl to Tr6, 40 and a semiconductor 
substrate respectively. 

Battery 10 outputs, for example, a DC voltage of 12V. Zener diode 21 absorbs a 
surge voltage generated between positive bus LI and negative bus L2. In other words, 
Zener diode 21 absorbs a surge voltage when the surge voltage not smaller than a prescribed 
voltage level is applied between positive bus LI and negative bus L2, and lowers the DC 
voltage applied to capacitor 22 and MOS transistors Trl to Tr6 to a level not larger than the 
prescribed voltage level. Therefore, it is not necessary to secure large c{q)acitance of 
capacitor 22 and large size of MOS transistors Trl to Tr6, considering the surge voltage. 
As a result, capacitor 22 and MOS transistors Trl to Tr6 can be reduced in size. 

Capacitor 22 smoothes an input DC voltage, and siq)plies the smoothed DC voltage 
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to U-phase arm 23, V-phase arm 24, and W-phase ami 25. MOS transistors Trl to Tr6 
receive a control signal fix)m MOS driver 27 at the gates, and are turned on/off in accordance 
with tiie received control signal. Then, MOS transistors Trl to Tr6 switch the direct current 
flowing in U-phase coil 51, V-phase coil 52, and W-phase coil 53 of alternator 50 by the DC 
voltage supplied fix)m capacitor 22, so as to drive alternator 50. hi addition, MOS 
transistors Trl to Tr6 convert an AC voltage generated by U-phase coil 5 1 , V-phase coil 52, 
and W-phase coil 53 of alternator 50 to &e DC voltage in accordance with Hoe control signal 
from MOS driver 27, so as to charge battery 10. 

Zener diodes DTI to DT3 prevent appUcation of overvoltage to MOS transistors IK, 
Tr4, Tr6 when U-phase coil 51, V-phase coil 52, and W-phase coil 53 of alternator 50 
generate electric power, respectively. Li other words, Zener diodes DTI to DT3 protect 
the lower arm of U-phase arm 23, V-phase arm 24, and W-phase arm 25 when alternator 50 
is in a power generation mode. 

Power source 26 receives the DC voltage output from battery 10 through fuse FU2, 
and siqjphes the received DC voltage to MOS driver 27 as two DC voltages having different 
voltage levels. More specifically, power source 26 generates, for example, a DC voltage of 
5V based on the DC voltage of 12V received from battery 10, and supplies to MOS driver 
27 the generated DC voltage of 5V and the DC voltage of 12V received from battery 10. 

MOS driver 27 is driven by the DC voltages of 5V and 12V siqjpUed from power 
source 26. Then, MOS driver 27 generates a control signal for turning on/off MOS 
transistors Trl to Tr6 in synchronization with a synchronization signal from synchronous 
rectifier 28, and outputs the generated control signal to the gates of MOS transistors Trl to 
Tr6. More specifically, MOS driver 27 gaiaates the control signal for turning on/off MOS 
transistors Trl to Tr6 in the power generation mode of alternator 50 based on 
synchronization signals SYNGl to SYNG6 from synchronous rectifier 28, and generates the 
control signal for turning on/off MOS transistors Trl to Tr6 in a drive mode of altemattM" 50 
based on synchronization signals SYNMl to SYNM6 bom synchronous rectifier 28. 
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Upon receiving a signal GS fmm control unit 30, synchronous rectifier 28 generates 
synchronization signals SYNGl to SYNG6 based on timing signals TGI to TG6 fiom control 
unit 29, and outputs generated synchronization signals SYNGl to SYNG6 to MOS driver 27. 
In addition, iqxm receiving a signal MS fixnn control unit 30, synchronous rectifier 28 
generates synchronization signals SYNMl to SYNM6 based on timing signals TMl to TM6 
fix)m control unit 29, and outputs generated synchronization signals SYNMl to SYNM6 to 
MOS driver 27. 

Control unit 29 receives angles 61, 62, 63 firom rotation angle sensor 60, and detects 
the number of revolutions MRN of rotor 55 included in alternator 50 based on received 
angles 91, 92, 93. 

Angle 61 represents an angle between a direction of magnetic force generated by U- 
phase coil 51 and a direction of magnetic force generated by rotor coil 54. Angle 62 
represents an angle between a direction of magnetic force generated by V-phase coil 52 and 
a direction of magnetic force generated by rotor coil 54. Angle 63 represents an angle 
between a direction of magnetic force generated by W-phase coil 53 and a direction of 
magnetic force generated by rotor coil 54. Angles 61, 62, 63 periodically vary in a range 
fiom 0° to 360°. Therefore, control unit 29 detects Has number of revolutions that 
periodically varies in a prescribed time period in a range fixrai 0° to 360°, so as to obtain the 
number of revohitions MRN. 

ITien, control unit 29 detects a timing of voltages Vui, Vvi, Vwi induced in U-phase 
coil 51, V-phase coil 52, and W-phase coil 53 of alternator 50 based on angles 91, 02, 63, 
and generates timing signals TGI to TG6 indicating a timing of tum-on/off of MOS transistors 
Trl to Tr6 for converting voltages Vui, Vvi, Vwi induced in U-phase coil 51, V-phase coil 52, 
and W-phase coil 53 to DC voltages based on that detected timing. 

hi addition, control unit 29 generates timing signals TMl to TM6 indicating a timing of 
tum-on/ofF of MOS transistors Trl to Tr6 for causing alternator 50 to operate as a drive 
motor, based on angles 61, 62, 63 and the detected number of revolutions MRN. 
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Then, control unit 29 outputs generated timing signals TGI to TG6, TMl to TM6 to 
synchronous rectifier 28. 

Control unit 30 receives signal M/G, signal RLO, and signal CHGL fix)m an externally 
provided eco-run ECU (Electrical Control unit) (which will be descnlied later). In addition, 
control unit 30 receives voltages Vu, Vv, Vw applied to U-phase coil 51, V-phase coil 52, 
and W-phase coil 53 of alternator 50. 

Control unit 30 determines whether alternator 50 is to operate as a generator or a 
drive motor, based on signal M/G. When control unit 30 determines tfiat alternator 50 is to 
operate as the generator, control unit 30 generates and outputs signal GS to synchronous 
rectifier 28. On the other hand, when control unit 30 determines that alternator 50 is to 
operate as the drive motor, control unit 30 determines a manner of current feed to U-phase 
coil 51, V-phase coil 52, and W-phase coil 53 based on voltages Vu, Vv, Vw, and generates 
signal MS for driving alternator 50 in accordance wifli the determined current feeding manner, 
for output to synchronous rectifier 28. 

In addition, control unit 30 calculates a rotor current in order for alternator 50 to 
generate an insducted amount of electric power, based on signal RLO. Control unit 30 
generates a signal RCT for feeding the calculated rotor current to rotor coil 54, and outputs 
tiie generated signal to the gate of MOS transistor 40. 

Moreover, control unit 30 provides tenq)erature information of MOS transistor 40 to 
outside in a signal format, based on signal CHGL. 

MOS transistor 40 sets the rotor current supplied fi-om battery 10 to rotor coil 54 to 
a prescribed value, based on signal RCT fiom control unit 30. Here, diode 41 serves as a 
fiee wheel diode in controlling turmng-off of tiie rotor. 

Alternator 50 operates either as the drive motor or as the generator. Alternator 50 
generates a prescribed torque under the control of control circuit 20 at the start of the engine 
in the drive mode where it operates as the drive motor, and starts the engine using the 
generated prescribed torque. In addition, alternator 50 drives auxiliary machinery using the 
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generated torque during a period except for start of the engine. 

Moreover, alternator 50 generates an AC voltage in accordance witii the rotor 
current flowing in rotor coil 54 in the power generation mode where it operates as the 
generator, and supplies the generated AC voltage to U-phase arm 23, V-phase arm 24, and 
W- phase arm 25. 

Rotation angle sensor 60 detects angles 61, 02, 03, and outputs detected angles 61, 
02, 03 to control unit 29. 

An overall operation in generator- motor 100 will now be described. Control unit 30 
determines whether altemator 50 is to operate as a generator or a drive motor, based on 
signal M/G fiom the eco-run ECU. When control unit 30 determines that altemator 50 is to 
operate as the generator, control unit 30 generates and outputs signal GS to synchronous 
rectifio* 28. Control unit 30 generates signal RCT based on signal RLO bom die eco-nm 
ECU, and outputs the generated signal to the gate of MOS transistor 40, 

Then, MOS transistor 40 switches Ihe rotor current sillied fix)m battery 10 to rotor 
coil 54 in response to signal RCT. Rotor 55 of altemator 50 is rotated by the rotation 
power of the engine. Then, altemator 50 generates a designated amount of electric power 
and supplies the electric power to U-phase arm 23, V-phase arm 24, and W-phase arm 25. 

On the other hand, vpoa receiving angles 61 , 62, 63 fixnn rotation angle sensor 60, 
control unit 29 generates timing signals TGI to TG6, TMl to TM6 with the method described 
above based on received angles 61 , 62, 63, and outputs the generated timing signal to 
synchronous rectifier 28. 

Synchronous rectifier 28 generates synchronization signals SYNGl to SYNG6 in 
synchronization with timing signals TGI to TG6 based on signal GS fiom control unit 30, and 
outputs the same to MOS driver 27. MOS driver 27 generates the control signal for turning 
on/oflFMOS transistors Trl to Tr6 in synchronization witii synchronization signals SYNGl to 
SYNG6, and ouQjuts the control signal to the gates of MOS transistors Trl to Tr6. 

Then, MOS transistors Trl to Tr6 are turned on/ofFby the control signal fiiom MOS 
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driver 27, and converts the AC voltage generated by alternator 50 to the DC voltage, so as 
to charge battery 10. 

Here, Zener diodes DTI to DT3 absorb a surge voltage even if the surge voltage is 
superposed on the AC voltage generated by alternator 50. In other words, Zener diodes 
DTI to DT3 prevent application of a voltage exceeding a withstand voltage to MOS 
transistors Tr2, Tr4, Tr6, In addition, Zener diode 21 absorbs a surge voltage even if the 
surge voltage is superposed on the DC voltage between positive bus LI and negative bus L2. 
In other words, Zener diode 21 prevents application of a voltage exceeding a withstand 
voltage to MOS transistors Trl, Tr3, Tr5. 

When control unit 30 determines that alternator 50 is to be driven as the drive motor 
based on signal M/G, control unit 30 determines a manner of current feed to U-phase arm 23, 
V-phase arm 24, and W-phase arm 25 based on voltages Vu, Vv, Vw, and generates signal 
MS for driving altemator 50 in accordance with &e determined current feeding manner, for 
output to synchronous rectifier 28. 

Upon receiving angles 61 , 62, 63 fiiom rotation angle sensor 60, control unit 29 
generates timing signals TGI to TG6, TMl to TM6 with the method described above based 
on received angles 61 , 62, 63, and ou^uts the generated timing signal to synchronous rectifier 
28. 

Synchronous rectifier 28 generates synchronization signals SYNMl to SYNM6 in 
synchronization with timing signals TMl to TM6 based on signal MS fiom control unit 30, 
and outputs the same to MOS driver 27. MOS driver 27 generates the control signal for 
turning on/off MOS transistors Trl to Tr6 in synchronization with synchronization signals 
SYNMl to SYNM6, and outputs the same to the gates of MOS transistors Trl to Tr6. 

Then, MOS transistors Trl to Tr6 are tumed on/ofFby the control signal &om MOS 
driver 27, and switches the current supplied to U-phase arm 23, V-phase arm 24, and W- 
phase arm 25 of alternator 50 from battery 10 so as to drive altemator 50 as the drive motor. 
In this manner, altmiator 50 siq>plies a prescribed torque to a crank shaft of the engine at the 
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start of the engine. In addition, alternator 50 supplies a prescribed torque to the auxiliary 
machinety. 

Here, Zener diode 21 absorbs a surge voltage generated between positive bus LI 
and negative bus L2 by turning-on/ofF of MOS transistors Trl to Tr6. In other words, 
Zener diode 21 prevents application of a voltage exceeding a withstand voltage to MOS 
transistors Trl, Tr3, Tr5. In addition, Zener diodes DTI to DT3 absorb a surge voltage 
even if MOS transistors Trl, Tr3, Tr5 are turned on/oS and the surge voltage is e^jplied to 
MOS transistors Tr2, Tr4, Tr6. In other words, Zener diodes DTI to DT3 prevent 
application of a voltage exceeding a withstand voltage to MOS transistors Ti2, Tr4, Tr6. 

As described above, MOS transistors Trl to Tr6 are arranged on electrode plates 81, 
82A to 82C provided on the end sur&ce of alternator SO. Such an arrangement is allowed 
because application of overvoltage to MOS transistors Trl to Tr6 is prevented and MOS 
transistors Trl to Tr6 are reduced in size by providing Zener diodes 21, DTI to DT3. In 
particular, as one Zener diode 21 protects three MOS transistors Trl, Tr3, TrS, Zener diode 
21 protecting three MOS transistors Trl, Tr3, TrS can be arranged utilizing a space between 
substrate 84 and electrode plates 81, 83. 

In addition, as Zener diode 21 also prevents {plication of overvoltage to capacitor 
22, a capacitance of capacitor 22 can be reduced. Consequently, capacitor 22 can be 
arranged in a space between substrate 84 and electrode plates 81, 82C, 83. 

By virtue of diese fiictors, overall control circuit 20 is reduced in size, and control 
circuit 20 can be arranged on the end surface of alternator 50. In other words, control 
circuit 20 can be arranged in a plane perpendicular to rotation shaft 50A, instead of in the 
longitudinal direction of rotation shaft SOA of alternator SO. As a result, an area occiqjied by 
control circut 20 can be reduced. 

Fig. 5 shows a block diagram of an engine system 200 including generator-motor 100. 
Referring to Fig. 5, engine system 200 includes battery 10, control circuit 20, alternator 50, 
an engine 110, a torque converter 120, an automatic transmission 130, pulleys 140, 150, 160, 
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an electromagnetic clutch 140a, a belt 170, auxiliary machinery 172, a starter 174, an 
electrohydraulic pump 180, a fuel injection valve 190, an electric motor 210, a tfirotUe valve 
220, an eco-nm ECU 230, an engine ECU 240, and a VSC (Vehicle Stability Control)-ECU 
250. 

Alternator 50 is arranged proximate to engine 1 10. Control circuit 20 is arranged 
on the end surface of altemator 50, as described above. 

Engine 1 10 is started by altemator 50 or starter 174, and generates a prescribed 
output power. More specifically, engine 110 is started by altemator 50 at a start after stop 
in accordance with an economy running system (also referred to as "eco-run", "idle stop", 
"idling stop"), while engine 1 10 is started by starter 174 at a start using an ignition key. 
Engine 1 10 provides die generated ou^ power fiom a crank shaft 1 10a to torque converter 
120 or pulley 140. 

Torque converter 120 transmits rotation of engine 1 10 fi-om crank shaft 1 10a to 
automatic transmission 130. Automatic transmission 130 attains a function of automatic 
transmission control, sets the torque fiom torque converter 120 to a torque in accordance 
witii transmission control, and provides die torque to an ou^ut shaft 130a. 

Pulley 140 contains electromagnetic clutch 140a, duoug^ which pulley 140 is 
connected to crank shaft 1 10a of engine 1 10. Pulley 140 operates together with pulleys 
150, 160 via belt 170. 

Electromagnetic clutch 140a is turned on/off under the control of eco-run ECU 230, 
and connects/disconnects pulley 140 to/from crank shaft 1 10a. Belt 170 links pulleys 140, 
150, 1 60 with one another. Pulley 150 is connected to a rotation shaft of auxiliary 
machinery 172. 

Pulley 160 is connected to rotation shaft 50A of altemator 50, and turned by crank 
shaft 1 10a of engine 1 10 or altemator 50. 

Auxiliary machinery 172 is implemented by one or more of a compressor for air- 
conditioner, a power steering punp, and an engine-cooling water pomp. Auxiliary 
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machinery 172 receives the output power fiom alternator 50 through pulley 160, belt 170 and 
pulley 150, and is driven by the received output power. 

Alternator 50 is driven by control circuit 20. Alternator 50 receives the rotation 
power of crank shaft 1 10a of engine 1 10 through pulley 140, belt 170 and pull^ 160, and 
converts the received rotation power to electric energy. In other words, alternator 50 
generates electric power by the rotation power of crank shaft 1 10a. Here, alternator 50 
generates electric power in the following two cases. That is, alternator 50 generates electric 
power when it receives the rotation power of crank shaft 1 10a produced by drive of engine 
1 10 in a normal running state of a hybrid vehicle equipped with engine system 200. In 
addition, though engine 1 10 is not driven, alternator 50 generates electric power upon 
receiving the rotation power transmitted to crank shaft 1 10a fiom driving wheels in 
deceleration of the hybrid vehicle. 

Alternator 50 is driven by control circmt 20, and outputs a prescribed output power 
to pulley 160. The prescribed output pov/er is transmitted to crank shaft 1 10a of engine 
1 10 through belt 170 and pulley 140 when engine 1 10 is started, or it is transmitted to 
auxiliary machineiy 172 throu^ belt 170 and pulley 150 in driving auxiliary machinery 172. 

Battery 10 supplies the DC voltage of 12V to control circuit 20, as described above. 

Control circuit 20 converts the DC voltage from battery 10 to the AC voltage under 
the control of eco-run ECU 230 as described above, and drives alternator 50 using the 
obtained AC voltage. In addition, control circuit 20 converts the AC voltage generated by 
alternator 50 to the DC voltage under the control of eco-run ECU 230, and charges battery 
10 using the obtained DC voltage. 

Starter 174 starts engine 110 under the control of eco-run ECU 230. 
Electrohydraulic pump 180 is contained in automatic transmission 130, and si^Ues a 
hydraulic fluid to a hydraulic control unit provided in automatic transmission 130 under the 
control of engine ECU 240. The hydraulic fluid serves to adjust an actuation state of a 
clutch, a brake and a one-way chitch within automatic transmission 130 by means of a control 
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valve in the hydraulic control unit, so as to switch a shift state as required 

Eco-run ECU 230 serves for switching on/off of electromagnetic chitch 140a, mode 
control of alternator 50 and control circuit 20, control of starter 174, and control of an 
amount of power storage in battery 10. Hwe, the mode control of alternator 50 and control 
circuit 20 refers to control of tiie power generation mode in which alternator 50 attains a 
function as the generator and the drive mode in vMda alternator 50 attains a function as the 
drive motor. Eco-run ECU 230 generates signal M/G for controlling the power generation 
mode and the drive mode, and outputs the signal to control circuit 20. Here, a control line 
from eco-run ECU 230 to battery 10 is not shown. 

In addition, eco-run ECU 230 detects the number of revolutions MRN based on 
angles 61, 62, 63 from rotation angle sensor 60 contained in alternator 50, whedier or not the 
eco-run system has been started by a driver fixnn an eco-run switch, and otiier data. 

Fuel injection valve 190 controls injection of a fuel under the control of engine ECU 
240. Electric motor 210 controls an opening position of throttle valve 220 under the control 
of engine ECU 240. Throttle valve 220 is set to a prescribed opamg position by electric 
motor 210. 

Engine ECU 240 serves for control of turrt-on/oflFof auxiliary machinery 172 except 
fin- the engine-cooling water pump, control of drive of electrohydraulic pump 1 80, 
transmission control of automatic transmission 130, control of injection of a fiiel by fuel 
injection valve 190, control of an opening position of throttle valve 220 by electric motor 210, 
and other engine control. 

In addition, engine ECU 240 detects a temperature of eiigine-cooling water from a 
temperature sensor, whether or not an accelerator pedal has been pressed down from an idle 
switch, a degree of press-down of the accelerator from an accelerator press-down degree 
sensor, a steering wheel angle from a steering wheel angle sensor, a vehicle speed fixMH a 
vehicle speed sensor, a throttle opening position from a throttle opening position sensor, a 
shift position from a shift position sensor, the number of revolutions of the engine from an 
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engine speed sensor, whetiier or not an operation to turn on/ofF of the air- conditioner has 
bean performed fiom a switch of Ifae air-conditioner, and other data. 

VSC-ECU 250 detects whether or not a brake pedal has been pressed down fijom a 
brake switch, and otfier data. 

Eco-run ECU 230, engine ECU 240 and VSC-ECU 250 mainly include a 
microcomputer, in which a CPU (Central Processing Unit) executes a necessary operation in 
accordance with a program written in an internal ROM (Read Only Memory) and a variety of 
types of control are applied based on a result of the operation. The result of the operation 
and detected data can be communicated as data, among eco-run ECU 230, engine ECU 240 
and VSC-ECU 250. Therefore, the data can be exchanged as required, and control can be 
applied in a cooperative manner. 

An operation of engine system 200 will now be described. Eco-run ECU 230 is 
responsible for an automatic stop processing, a motor drive processing during engine stop, an 
automatic start processing, a motor-driven start processing, a motor control processing during 
running, and a motor control processing during deceleration. 

First, the automatic stop processing wiU be described. Engine ECU 240 receives an 
engine- cooling water temperature THW, an idle switch, a battery voltage, a brake switch, a 
vehicle speed SPD, and the like. Then, engine ECU 240 detects whether or not the 
accelerator pedal has been pressed down from the idle switch, and whether or not the brake 
pedal has been pressed down fiom the brake switch. 

When the automatic stop processing is started, engine-cooling water temperature 
THW, whether or not the accelerator pedal has been pressed down, a voltage of battery 10, 
whether or not the brake pedal has been pressed down, vehicle speed SPD, and the like are 
read in a woik area of an RAM (Random Access Memory) within eco-run ECU 230. Eco- 
run ECU 230 determines whether or not a condition for automatic stop is satisfied based on 
such data. Here, the condition for automatic stop is satisfied if all of the following conditions 
are met: for example, engine-cooling water tenperature THW is within a range fix)m a lower 
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limit to an vappex limit; vehicle speed SPD is Okm/h; and the like. 

When eco-nm ECU 230 determines that the condition for automatic stop is satisfied, 
eco-run ECU 230 perfomas an engine stop processing. More specifically, eco-run ECU 
230 instructs cutting-ofF of fuel supply to engine ECU 240. Engine ECU 240 controls fuel 
injection valve 190 to stop fuel injection in response to the instruction of cutting-oflF of fiiel 
supply, so as to conpletely close throttle valve 220, In this manner, fad injection valve 190 
stops fuel injection, combustion in a combustion chamber of engine 110 is stopped, and the 
operation of engine 110 is stopped. 

The motor drive processing during engine stop will now be described. When tiie 
motor drive processing during engine stop is started, eco-run ECU 230 controls control 
circuit 20 so as to turn on electromagnetic clutch 140a, to set the number of revolutions of 
alternator SO to the taiget number of revolutions during idle, and to drive alternator 50. 
More specifically, eco-run ECU 230 outputs signal M/G for causing altemator 50 to operate 
as the drive motor to control circuit 20. Then, control circuit 20 causes altemator 50 to 
operate as the drive motor with the method described above based on signal M/G fitnn eco- 
run ECU 230, and drives alternator 50 such that the number of revolutions thereof attains the 
target number of revolutions during idle. In this manner, rotation shaft 50A of altemator 50 
rotates and pulley 160 also rotates. 

The rotation power transmitted to pulley 160 is transmitted to crank shaft 1 10a 
through belt 170 and pulley 140, so that crank shaft 1 10a rotates at Ae target number of 
revolutions during idle. Then, eco-run ECU 230 confirms that a state in which engine 1 10 
rotates at the target number of revolutions during idle is maintained for a certain period of time. 

In this manner, while engine 1 10 is stopped, the output power fiiom alternator 50 
rotates engine 1 10 at the number of revolutions equivalent to that during idle. Accordingly, a 
pressure in a cylin^ of engine 110 having throttle valve 220 completely closed can 
sufficiently be lowered. In addition, a difference of a load torque between operation steps of 
engine 1 10 in which combustion does not take place is made smaller, and variation in the 
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torque during rotation can be reduced. As a result, rocking at the time of stop can be 
siq)pressed, and a driver will not feel uncomfortable when engine 1 10 automatically stops. 

Thereafter, eco-run ECU 230 determines whether or not a request to drive auxiliary 
machinery 172 has been issued. If eco-run ECU 230 determines that the request to drive 
auxiliary machinery 172 has been issued, it turns off electromagnetic clutch 140a, and sets 
alternator 50 to the drive mode. In this case as well, alternator SO is caused to rotate at the 
target number of revolutions during idle by the operation described above, and its rotation 
power is transmitted to auxiliary machinery 172 through pulley 160, belt 170 and pulley 150. 

The compressor for the air-conditioner and the power steering pump are thus driven. 
Here, as electromagnetic clutch 140a is turned off, crank shaft 110a of engine 110 does not 
rotate, thereby preventing waste of electric power and improving fiiel efficiency. 

hi this manner, eco-run ECU 230 drives alternator 50 while engine 1 10 is stopped 
and rotates crank shaft 1 10a of engine 1 10 so as to perform a processing for reducing 
rocking, or drives auxiliary machinery 172. 

The automatic start processing will now be described. When die automatic start 
processing is started, eco-run ECU 230 determines whettier or not a condition for automatic 
start is satisfied by reading data the same as that read for the automatic stop processing. 
More specifically, eco-run ECU 230 determines that the condition for automatic start is 
satisfied if one of the conditions for automatic start is not satisfied 

Then, eco-run ECU 230 stops the motor drive processing during engine stop when it 
determines that the condition for automatic start is met The automatic start processing is 
thus completed. 

The motor-driven start processing will now be described. When Ae motor-driven 
start processing is started, eco-run ECU 230 issues an instruction to prohibit turn-on of the 
air-conditioner to engine ECU 240. Thrai, engine ECU 240 stops driving of tire air- 
conditioner if the air- conditioner has been turned on. Load imposed in alternator 50 can 
thus be mitigated. 
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Then, eco-run ECU 230 turns on electromagnetic clutch 140a, and sets alternator 50 
to the drive mode. Here, with the same operation as described above, the rotation power of 
alternator 50 is transmitted to crank shaft 1 10a through pulley 160, belt 170 and pulley 140, 
so that crank shaft 1 1 Oa is rotated at the taiget number of revolutions during idle. 

Thereafter, eco-run ECU 230 determines whether or not the number of revolutions of 
engine 110 attains the taiget number of revolutions during idle. If the number of revolutions 
of engine 1 10 attains the target number of revolutions during idle, eco-run ECU 230 issues an 
instruction to start fijel injection to engine ECU 240. Then, engine ECU 240 controls fiiel 
injection valve 190 so as to inject fuel, and ftiel injection valve 190 starts injection of the fiieL 
Engine 1 10 is thus started and starts its operation. 

Here, engine 1 10 is quickly started because the fiiel injection is started after the tai:get 
number of revolutions during idle has been attained. In addition, engine 1 10 attains stable 
number of revolutions in a short period of time. Moreover, as crank shaft 1 10a of engine 
1 10 is rotated by the output power fiom alternator 50 until ftiel injection is started, the vehicle 
can start to move by a creep force generated by torque converter 120 in a non- lockup state, 
provided that the torque ou^t fixMn alternator 50 is sufficiently hi^. 

In this manner, in the motor-driven start processing, alternator 50 is driven in the drive 

mode. 

The motor control processiiig during running will now be described. When the 
motor control processing during running is started, eco-run ECU 230 determines whether or 
not start of engine 110 has been completed by the motor-driven start processing. If eco-run 
ECU 230 determines that the start of engine 1 10 has been conq>leted, the motor-driven start 
processing is stopped. Then, eco-run ECU 230 issues an instruction to permit tuming-on of 
the air-conditioner to engine ECU 240. In response, engine ECU 240 makes a switch such 
that die compressor for the air-conditi(Hier operates together with rotation of pulley 150 if tfie 
air conditioner has been tumed on, so as to allow drive of the air- conditioner. 

Thereafter, eco-run ECU 230 detomines A^etfaer or not the vehicle is in deceleration. 
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Here, deceleration refers, for example, to a state in which the accelerator pedal has 
completely retumed to its original position during running, that is, the idle switch has been 
tumed on during running. Therefore, eco-run ECU 230 determines tfiat the vehicle is not in 
deceleration if the idle switch is tumed off. Then, eco-run ECU 230 turns on 
electromagnetic clutch 140a and sets alternator 50 to the power generation mode. More 
specifically, eco-run ECU 230 outputs signal M/G for causing alternator 50 to operate in the 
power generation mode to control circuit 20. Then, control circuit 20 drives alternator 50 in 
the power generation mode with the mefliod described above, in response to signal M/G from 
eco-run ECU 230. 

Then, the rotation power of crank shaft 1 10a of engine 1 10 is transmitted to the 
rotation shaft of alternator 50 through pulley 140, belt 170 and pulley 160. Alternator 50 
generates electric power, and outputs ftie AC voltage to control circuit 20. Control circuit 
20 converts the AC voltage to the DC voltage in accordance with control of eco-run ECU 
230, so as to charge battery 10. The njotor control processing during running is thus 
completed. 

In this manner, during normal running, alternator 50 is driven in the power generation 
mode, and the rotation power of engine 1 10 is converted to electric energy. 

On the other hand, if eco-run ECU 230 determines that the vehicle is in deceleration, 
the motor control processing during deceleration is performed. Finally, the motor control 
processing during deceleration will be described. When ftie motor control processing during 
deceleration is started, eco-run ECU 230 determines whether or not cutting- off of fuel sappfy 
in deceleration has been completed. Under a condition determined as deceleration, ftiel 
injection to engine 1 10 is stopped by a processing to cut off fiiel siqjply during deceleration by 
engine ECU 240, until the number of revohtfions of engine 1 10 is lowered to attain tiie 
recovery referaice number of revolutions for detemuning return to fiiel injection (fliat is, the 
target number of revolutions during idle). 

If the number of revolutions of engine 1 10 is lowered to the recovery reference 
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number of revolutions, torcpje converter 120 is switched fiom a lockup state to the non- 
lockiq) state and fiiel injection is resumed, so as to prevent engine stall due to M of Ihe 
number of revohitions of the engine. 

If Ihe fiiel is being cut oflF during deceleration, eco-run ECU 230 turns on 
eledramagnetic clutch 140a, and sets alternator 50 to electric power generation at a power 
generation voltage higher than a noraial power generation voltage. Accordingly, even if 
engine 1 10 is not operated, crank shaft 1 10a of engine 1 10 is rotated by rotation of wheels, 
and rotation of crank shaft 1 10a is transmitted to alternator 50 through pulley 140, belt 170 
and pulley 160. Alternator 50 generates the AC voltage. Therefore, energy generated by 
running of a vehicle is recovered as electric power. In other words, the power generation 
mode of alternator 50 here is comparable to a regenerative mode. 

When the number of revohitions of engine is lowered to the recovery reference 
number of revolutions, engine ECU 240 ends the processing to cut off the fiiel supply. Then, 
eco-run ECU 230 determines whether or not the number of revohitions of the engine is 
smaller than Ae engine stall reference number of revohitions. The engine stall rekreoce 
number of revolutions is smaller than the recovery reference number of revolutions. In 
addition, determination as to whether or not the number of revolutions of the engine is smaller 
than the engine stall reference number of revolutions is made in order to identify a situation 
where the number of revohitions of the engine significantly fells which may lead to engine stall 
in ^te of resuming of fiiel injecticm. 

If eco-run ECU 230 determines that the number of revolutions of the engine is larger 
than the engine stall reference number of revohitions, alternator 50 is stopped. On the other 
hand, if eco-run ECU 230 determines that the number of revolutions of tiie engine is smaller 
than the engine stall reference number of revohitions, it turns on electixMnagnetic chitch 140a 
and drives ahemator 50 so that the number of revolutions of tfie engine attains the target 
number of revolutions during idle. 

In this manner, the rotation power of alternator 50 is transmitted to crank shaft 1 1 Oa 
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through pulley 160, belt 170 and pulley 140, so as to rotate crank shaft 1 10a. Then, if eco- 
run ECU 230 determines that the number of revolutions of the engine has attained the target 
number of revolutions during idle, alternator SO is stopped. 

If engine 1 10 has difficulty in returning fiom a fiiel siqjply cut-off state to operation 
after tiie processing to cut off fiiel supply in deceleration, the number of revolutions of the 
engine is raised by means of altanator 50, so as to prevent engine stall. 

In cold start of the engine, eco-run ECU 230 controls starter 174 in accordance with 
manipulation of the ignition switch by the driver, and starter 174 starts engine 1 10. In 
addition, during normal running after the vehicle ecpoipped with engine system 200 is started, 
eco-run ECU 230 outputs signal M/G for causing alternator 50 to operate as the drive motor 
to control circuit 20, and control circuit 20 drives alternator 50 as the drive motor in response 
to signal M/G with the operation described above. The torque generated by alternator 50 is 
transmitted to driving wheels of the vehicle equipped with engine system 200 through pulley 
160, belt 170, pulley 140, crank shaft 1 10a, torque converter 120, automatic transmission 
130, and output shaft 130a. 

As described above, in engine system 200, control circuit 20 controlling alternator 50 
is provided on the end surface of alternator 50, and drives alternator 50 as the drive motor or 
the generator in accordance wifti the instruction fiom eco-run ECU 230. 

Here, alternator 50 inchides a stator and a rotor, and implements a "motor" attaining a 
ft]ncti(Hi as the motor-generator. 

In addition, MOS transistor 40 implements a 'fiekl coil ccmtrol unit" controlling cunent 
feed to a field coil different fiom the stator. 

Moreover, MOS transistors Trl to Tr6 constitute a "polyphase switching element 
group" controlling a current to be fed to the stator. 

Furfliermore, wires 86A to 86F constitute a "leadfiame" extending fixim substrate 84 
(implemented by a ceramic substrate) to electrode plates 81, 82 A to 82C, 83. 

According to the embodiment of the present invention, the generator-motor includes 
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Ifae polyphase switching element gasap controlling die current fed to tbe coil of the alternator 
that attains a function as the generator or the drive motor, Ae control circuit controlling the 
polyphase switching element ffovp, and two electrode plates arranged to substantially form a 
U- shape to surround the rotation shaft of the alternator, and the control circuit is provided on 
tiie ceramic substrate provided in an inplane direction of the two electrode plates in the 
substantially U-shaped notch Therefore, the area occiq)ied by the control circuit can be 
made smaller. Consequently, the generator-motor can be reduced in size. 

In the present embodiment, though the eco-run ECU and the engine ECU have 
separately been provided, one engine control ECU can be implemented by integrating their 
functions. Moreover, fbs transmission in the present embodiment is not limited to AT (what 
is called an automatic transmission), and it can be implemented by a combination of known 
transmissions such as a CVT and an MT. 

In the present embodiment, though a fimction to drive the auxiliary machinery is 
attained by electromagnetic chdch 140a, the fimction to drive the auxiliary machinery may not 
be provided for sinplification of the system (it is not necessary to provide electromagnetic 
clutoh 140a). 

Furthermore, the present embodiment is appUcable to a hybrid vehicle in which the 
motor is able to generate a large driving force in spite of being adapted to an eco-run system 
The present invention can be achieved even if alternator 50 is rq)laced by another weU- 
known generator-motor (also refored to as a motor-generator). That is, a generator-motor 
capable of applying a torque necessary for driving the vehicle or starting the engine should 
only be selected as ^propriate. 

Although the present invention has been described and iUustrated in detail, it is cleaify 
understood that the same is by way of illustration and exanq)le only and is not to be taken by 
way of limitation, the spirit and scope of the present invention being limited only by the terms 
of the appended claims. 
[Brief Description of the Drawings] 
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Fig. 1 is a plan view of a generator-motor according to the present invention. 
Fig. 2 is a cross- sectional view along Ihe line A- A shown in Fig. 1 . 
Fig. 3 is another cross-sectional view along tiie line A- A shown in Fig. 1. 
Fig. 4 is a circuit block diagram of the generator-motor and a batteiy shown in Fig. 1 . 
Fig. 5 is a schematic block diagram of an engine system inchiding ttie gmerator-motor 
shown in Fig. 1. 

Fig. 6 is a perspective view of a conventional starter-generator. 
[Description of the Reference Characters] 

10 battery; 20 conti^ol circuit; 21, DTI, DT2, DT3 Zener diode; 22 capacitor; 23 U- 
phase arm; 24 V-phase arm; 25 W-phase arm; 26 power source; 27 MOS driver; 28 
synchronous rectifier, 29, 30 control unit; 40, Trl to Tr6 MOS transistor; 41 diode; 50 
alternator; 50A, 301B rotation shaft; 51 U-phase coil; 51 A, 52A, 53 A one end; 52 V-phase 
coil; 53 W-phase coil; 54 rotor coil; 55 rotor, 56, 57 stator; 58 brush; 60 rotation angle 
sensor; 70 custom IC; 81, 82 A to 82C, 83 electixxle plate; 84 substiate; 84 A to 84D 
terminal; 85A to 85D, 86A to 86F wire; 100 generator-motor; 1 10 engine; 1 10a crank shaft; 
120 torque converter, 130 automatic transmission; 130a output shaft; 140, 150, 160 pulley; 
170 belt; 172 auxihaiy machinery; 174 starter; 180 electrohydrauhc pun^; 190 fiiel injection 
valve; 200 engine system; 210 electiic motor, 220 throttte valve; 230 eco-run ECU; 240 
engine ECU; 250 VSC-ECU; 300 starter-generator; 301 motor unit; 301 A end surface; 302 
drive uni^ 302A cylindrical member, 302B power module; 303 radial direction; 304 
longitudinal direction; FUl, FU2 fiise; LI positive bus; and L2 negative bus. 
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[Document Name] Abstract 
[Abstract] 

[Subject] To provide a generator-motor including a conlrol circuit occiqjying a smaller area. 
[Solving Means] A generator-motor 100 includes an alternator 50, electrode plates 81, 
82A to 82C, 83, a substrate 84, MOS transistors Trl to Tr6, and an MOS driver 27. The 
electrode plates 81, 82A to 82C, 83 are arranged on an end surface of the alternator SO so 
as to substantially form a U-shape to surround a rotation shaft SOA of the alternator 50. 
MOS transistors Trl, Tr3, Tr5 are arranged on tiie electrode plate 81, while MOS transistors 
Tr2, Tr4, Tr6 are arranged on the electrode plates 82A, 82B, 82C respectively. The MOS 
driver 27 is provided on the substrate 84 arranged in a substantially U-shaped notch, and 
controls tum-on/off of the MOS transistors Trl to Tr6. 
[Selected Drawing] Fig. 1 
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